ABSTRACT. Albuminuria is an independent predictor of renal and cardiovascular complications in hypertensive subjects. We previously showed that lectin-like oxidized low-density lipoprotein receptor 1 (OLR-1) polymorphisms at G501C are associated with susceptibility to essential hypertension and serum C-reactive protein levels. We have now investigated a possible association between OLR-1 polymorphisms at G501C, genotyped by PCR-RFLP, and severity of albuminuria in 307 hypertensive Chinese subjects and 225 age-and gender-matched controls. Urine albumin concentration/urine creatinine concentrations (ACR) were measured to evaluate the severity of albuminuria. Hypertensive subjects had a significantly higher frequency of the CC genotype and the C allele of the OLR-1 polymorphism than controls; this was also true for hypertensive subjects with macroalbuminuria and microalbuminuria OLR-1 polymorphism at G501C in essential hypertension patients compared to those with normoalbuminuria. The mean ACR levels and mean serum C-reactive protein levels in CC carriers were significantly higher than in GG and GC carriers. There was a significant, positive correlation between serum hs-C-reactive protein levels and ACR levels. We conclude that OLR-1 polymorphisms at G501C affect the severity of albuminuria in essential hypertension patients.
ABSTRACT. Albuminuria is an independent predictor of renal and cardiovascular complications in hypertensive subjects. We previously showed that lectin-like oxidized low-density lipoprotein receptor 1 (OLR-1) polymorphisms at G501C are associated with susceptibility to essential hypertension and serum C-reactive protein levels. We have now investigated a possible association between OLR-1 polymorphisms at G501C, genotyped by PCR-RFLP, and severity of albuminuria in 307 hypertensive Chinese subjects and 225 age-and gender-matched controls. Urine albumin concentration/urine creatinine concentrations (ACR) were measured to evaluate the severity of albuminuria. Hypertensive subjects had a significantly higher frequency of the CC genotype and the C allele of the OLR-1 polymorphism than controls; this was also true for hypertensive subjects with macroalbuminuria and microalbuminuria
INTRODUCTION
The kidney is one of the target organs of arterial hypertension. Renal impairment was present in more than 30% of patients with essential hypertension. Increased urinary albumin excretion is a marker for renal impairment. Prospective and epidemiologic studies have documented that albuminuria is a predictive factor for all-cause and cardiovascular mortality in subjects with hypertension as well as in the general population, independently of other traditional risk factors (Yuyun et al., 2004; Klausen et al., 2009 ). In patients with hypertension, albuminuria is suggested to be an independent predictor of renal and cardiovascular complications and these subjects need an aggressive approach of cardiovascular risk management (Viazzi et al., 2010) . A prospective long-term study (MARPLE Study) showed that microalbuminuria and tubular proteinuria are risk predictors of cardiovascular morbidity and mortality in essential hypertension (Schrader et al., 2006) .
Growing evidence suggests that endothelial dysfunction plays a key role in the renal impairment in subjects with hypertension (Klausen et al., 2007; Cerasola et al., 2008; Perticone et al., 2010) . The Telmisartan versus Ramipril in renal ENdothelium DYsfunction (TRENDY) trial suggested endothelial function of the renal vasculature, as assessed by basal nitric oxide activity, as a therapeutic target in patients with hypertension and type 2 diabetes (Basi and Lewis, 2006) . Albuminuria is suggested to be a marker of local (renal) endothelial dysfunction and may contribute to renal impairment independently of other risk factors (Perticone et al., 2007) .
The lectin-like oxidized low-density lipoprotein (ox-LDL) receptor 1, encoded by the OLR-1 gene, is the major scavenger receptor for ox-LDL abundantly expressed in endothelial cells, which has recently been determined to play a notable role in the initiation and progression of endothelial dysfunction (Cominacini et al., 2003; Cilingiroglu and Ozer, 2005; Ogura et al., 2009) .
The association of OLR-1 polymorphisms with several cardiovascular conditions including atherosclerosis, acute myocardial infarction, coronary artery disease, and ischemic stroke has been reported (Tatsuguchi et al., 2003; Ohmori et al., 2004; Mango et al., 2005; Hattori et al., 2006; Kurnaz et al., 2009) . Tatsuguchi et al. (2003) identified a single nucleotide polymorphism (SNP) in the OLR-1 gene, G-to-C at position 501 in the open reading frame, which results in a mis-sense mutation of Lys to Asn at position 167 (K167N). Our previous study showed that the OLR-1 polymorphisms at G501C were associated with susceptibility to essential hypertension and with the serum C-reactive protein (CRP) level in a Chinese population (Hou et al., 2008) . However, the role of OLR-1 polymorphisms in the renal impairment in essential hypertensive subjects has not been previously studied. In this study, we investigated the association between the OLR-1 polymorphisms at G501C and the severity of albuminuria in hypertensive subjects.
SUBJECTS AND METHODS

Subjects
From January 2006 to January 2009, 307 consecutive patients with essential hypertension and 225 age-and gender-matched controls were enrolled. Hypertension was defined according to fifth Joint Committee on Detection, Evaluation and Treatment of High Blood Pressure criteria. None of the hypertensive subjects had received any antihypertensive therapy at enrollment. Patients with secondary hypertension, neoplastic, hepatic, and/or renal disease, chronic heart failure (NYHA classes III and IV), diabetes mellitus, renal failure, severe obesity, disabling diseases such as dementia were excluded from the study. The Ethics Committee of our institution approved this study and written informed consent was obtained from each participant.
Albuminuria
A previous study reported that the albumin-to-creatinine ratio (ACR) is a good measure of albuminuria (Gerber et al., 2006) . We adapted ACR in this study to evaluate renal impairment. The ACR was calculated as urine albumin concentration (mg/L)/urine creatinine concentration (mM). Creatinine levels were determined by the routine Jaffe reaction and albumin concentration by a commercially available radioimmunoassay kit. Albuminuria was categorized as normoalbuminuria (ACR <30 mg/g), microalbuminuria (ACR = 30-299 mg/g), or macroalbuminuria (ACR ≥300 mg/g).
Clinical characteristics
Body mass index (BMI) was calculated using the formula: BMI = weight (kg)/height (m 2 ). Blood urea nitrogen, electrolytes, uric acid, triglycerides, total and high-density lipoprotein cholesterol, and other standard chemistry evaluations were performed on serum according to routine methods. LDL cholesterol was calculated using Friedewald's formula, and creatinine clearance was calculated using Cockroft's formula. High-sensitivity CRP (hs-CRP) was detected according to the kit protocol.
Statistical analysis
The statistical analysis was performed using the SPSS Statistical Package, version 16.0. The mean values of all data were used for analysis and are shown as means ± SD. The demographic and clinical characteristic comparisons between hypertensive subjects and controls were performed using the Student test and the chi-square test. The genotype distributions and allele frequencies in hypertensive subjects and controls as well as among hypertensives with different ACR levels were performed with the chi-square test, as appropriate. The correlation between CRP and ACR was performed with Spearman analyses.
RESULTS
Among all hypertensive subjects, there were 183 subjects with normoalbuminuria, 96 with microalbuminuria and 28 with macroalbuminuria. Table 1 summarizes the demographic and clinical characteristics of all hypertensive cases and controls. No significant differences were observed with respect to age, gender, smoker number, serum triglyceride, and total cholesterol between hypertensive subjects and controls. Meanwhile, the hypertensive group had a significantly higher blood pressure, BMI and serum hs-CRP concentration compared to the control group. BMI = body mass index; SBP, DBP = systolic and diastolic blood pressure; LDL = low-density lipoprotein; hs-CRP = high-sensitivity C-reactive protein; NS = non-significant. Table 2 summarizes the genotype distributions and allele frequencies in hypertensive subjects and controls. Both genotype distributions and allele frequencies in patients and controls were compatible with Hardy-Weinberg's equilibrium. Similar to our previous published data, the genotype distributions and allele frequencies of OLR-1 polymorphism were significantly different between Chinese hypertensive subjects and controls. Hypertensive cases had a significantly higher prevalence of the CC genotype than controls (24.4 vs 8.0%, P < 0.001). The C allele frequency in hypertensive subjects was higher than in controls (41.0 vs 18.2%, P < 0.001). Table 3 shows the genotype distributions and the allele frequencies of OLR-1 polymorphism in all hypertensive subjects according to their ACR level. A significant difference was noted in the genotype distributions and allele frequencies of OLR-1 polymorphisms among hypertensive subjects with normoalbuminuria, microalbuminuria and macroalbuminuria. The prevalence of the CC type was significantly higher in subjects with macroalbuminuria and microalbuminuria than in those with normoalbuminuria (71.4 vs 14.8% and 29.2 vs 14.8%, P < 0.001, respectively). Correspondingly, the C allele frequencies in subjects with macroalbuminuria and microalbuminuria were significantly higher than in those with normoalbuminuria (80.4 vs 33.6% and 43.8 vs 33.6%, P < 0.001). Figure 1 shows the mean ACR level in each genotype carriers among hypertensive subjects. The mean ACR level in CC carriers was significantly higher than in GC and GG carriers (221.5 ± 98.5 vs 123.5 ± 45.5 and 112.6 ± 34.8, both P < 0.05). Figure 2 shows the mean hs-CRP level in each genotype carriers among hypertensive subjects. The mean hs-CRP level in CC carriers was significantly higher than in GG and GC carriers (1.8 ± 0.35 vs 1.1 ± 0.2 and 1.2 ± 0.3 mg/L, both P < 0.05). 
OLR-1 polymorphism at G501C in essential hypertension patients
We next evaluated the correlation between the serum CRP levels and the ACR levels by Spearman analyses. Our results showed that there was a positive correlation between serum hs-CRP levels and ACR levels (r = 0.845, P < 0.001).
DISCUSSION
In the present study, we investigated the association between the G501C polymorphism of OLR-1 and albuminuria in Chinese subjects with essential hypertension. We found that the CC genotype represents a higher prevalence in subjects with macroalbuminuria and microalbuminuria than in those with normoalbuminuria, suggesting that this genotype is associated with severity of albuminuria in essential hypertension subjects.
Enhanced renal expression of OLR-1 is reported to be involved in the progression of chronic renal failure in rats (Ueno et al., 2003) . Inhibition of OLR-1 mRNA expression in human umbilical vein endothelial cells decreased apoptosis induced by angiotensin II and ox-LDL, thus improving endothelial cell function (Ueno et al., 2009 ). The OLR-1 up-regulation in the kidney of Dahl salt-sensitive rats was parallel to glomerulosclerotic changes and renal dysfunction, suggesting a possible pathogenetic role for renal OLR-1 in the progression to hypertensive glomerulosclerosis (Nagase et al., 2000) . In subjects with diabetic mellitus, increased expression of OLR-1 mRNA in the tubulointerstitial area may be closely linked to the development and progression of diabetic nephropathy and tubulointerstitial damage (Yamamoto et al. 2009 ). The role of OLR-1 in the development of angiotensin II-induced hypertension and subsequent renal damage was recently reported (Hu et al., 2009) .
Previous studies investigated the association between the OLR-1 G501C polymorphisms and cardiovascular disease, but with conflicting results. Trabetti et al. (2006) found that the G501C G/G genotype is associated with an increased number of obstructed coronary vessels while others found that the G501C SNP is inversely associated with the severity of CAD (Tatsuguchi et al., 2003; Ohmori et al., 2004) . Our previous study (Hou et al., 2008) suggested that the CC genotype of the G501C genotype was an independent risk factor for essential hypertension (OR = 3.036, 95%CI = 1.572-6.174, P = 0.016); whereas, the CC homozygous carriers have significantly higher CRP concentration than GG and GC carriers. To date, little research has been carried out regarding the association between the OLR-1 gene variation and kidney impairment in subjects with essential hypertension. Our current data, in combination with our previous data, suggest the importance of G501C polymorphism of OLR-1 in predicting the susceptibility and renal impairment of essential hypertension in the Chinese population.
The ORL-1 polymorphisms at G501C influence the ox-LDL-induced biosynthesis of ORL-1. A recent biochemical analysis showed that this genetic variant of ORL-1 changed ox-LDL binding and subsequent ERK signal pathway activation by as much as 30% (Biocca et al., 2009) . Electrostatic interactions between basic residues in this domain and negatively charged residues in ox-LDL are critical for OLR-1 activity, and substitution of these residues may cause reduced ox-LDL binding and internalization. As ORL-1 mediates ox-LDL-induced atherosclerosis and endothelial dysfunction, it is plausible that changed ORL-1 activity by G501C polymorphisms directly affects the endothelial dysfunction induced by ox-LDL in vivo.
The OLR-1 gene variation has been reported to regulate soluble OLR-1 levels in plasma (Brinkley et al., 2008) . Brinkley et al. (2008) found that the G501C polymorphisms affect plasma OLR-1 expression. The GG genotype of ORL-1 was associated with lower soluble X.W. Hou et al.
OLR-1 levels in their study (Brinkley et al., 2008) . According to their findings, we postulate that the detrimental effect of the CC genotype might be a result of a higher ORL-1 plasma level.
Inflammation is another early feature of human hypertension. Increased serum CRP level is considered to be a forerunner of hypertension in the general population. In patients with untreated essential hypertension, increased hs-CRP levels are associated with microalbuminuria, suggesting the involvement of inflammation in vascular and kidney damage (Tsioufis et al., 2010) . In our study, we found that the CC genotype is associated with elevated CRP levels, reflecting a higher inflammation status in CC genotype carriers. Li and co-workers (2004) found that CRP stimulates OLR-1 protein expression in endothelial cells, thus enhancing the uptake of ox-LDL, suggesting that CRP may trigger and enhance the ox-LDL-induced vessel endothelial dysfunction via stimulating OLR-1 protein expression on vascular endothelium. At the same time, we observed a positive correlation between the ACR and CRP levels, strengthening the idea that albuminuria and CRP are of relevance in essential hypertension, particularly in individuals with albuminuria.
Several limitations need to be addressed in this study. First, this is a relatively smallscale study. Future studies of a larger scale are necessary to elucidate the role of ORL-1 gene variants in essential hypertension. Second, we did not detect the plasma ORL-1 level to directly manifest the effect of ORL-1 G501C polymorphisms on its downstream protein expression.
